The possibility of QQqq heavy-light four-quark bound states has been analyzed by means of the chiral SU(3) quark model, where Q is the heavy quark (c or b) and q is the light quark (u, d or s). We obtain a bound state for the bbnn configuration with quantum number J P = 1 + , I = 0 and for the ccnn (J P = 1 + , I = 0) configuration which is not bound but slightly above the D * D * threshold (n is u or d quark). Meanwhile, we also conclude that a weakly bound state in bbnn system can also be found without considering the chiral quark interactions between the two light quarks, yet its binding energy is weaker than that with the chiral quark interactions. † Mailing address.
I. INTRODUCTION
A great interest in studying four-quark (4q) states has been triggered by the observations of some very narrow resonances, e.g., D * sJ (2317) by BABAR [1] , D sJ (2460) by CLEO [2] , X(3872) by BELLE [3] , and Y(4260) by BABAR [4] . Because almost all of these new states have the same special properties, which are narrow and their structures are difficult to be explained as the simple quark-antiquark pair, much attention has been paid and various theoretical explanations were proposed. Mostly, these new states were suggested as good candidates of 4q states [5] . In this work we will try to see if there are possibilities for the existence of the four-quark states with two heavy quarks which is also a significant problem in the new hadron state studies.
The possible existence of 4q states composed of two heavy quarks (anti-quarks) and two light anti-quarks (quarks) has been suggested and studied in the past few years in different ways [6, 7, 8] .
For example, the work of Carlson et al. [7] based on the MIT bag model concluded that the state bbūd with J P = 1 + is bound and the ccūd is not bound. A different conclusion is obtained by Pepin et al. [8] using a pseudoscalar meson exchange interaction instead of the chromomagnetic potential, and their results indicated that such interaction binds the heavy-light 4q systems both for Q = b and Q = c. Therefore, whether the bound state exists in heavy-light 4q systems is still an open question.
In this work, we focus our attention on the heavy-light 4q states and study their masses in the framework of chiral quark model (CQM). Since the heavy-light four-quark state contains two light quarks (anti-quarks) which are regarded as constituent quarks, the non-perturbative QCD effect should be considered between them. On the other hand we notice that the chiral quark model [9, 10] based on the idea that between the chiral symmetry breaking scale and the confinement scale, QCD may be formulated for the light-quark sector as an effective theory of constituent quarks interacting through Goldstone boson modes associated to the spontaneous breaking of chiral symmetry, and CQM has obtained great success in reproducing the energies of the baryon ground states, the binding energy of deuteron, the nucleon-nucleon phase shifts, and the nucleonhyperon cross sections [10, 11] . Thus one can expect that the CQM is an effective approach to study the 4q systems with light quarks. In this work, the four-quark states with quark content ccss, ccnn, bbss and bbnn are studied in the chiral SU(3) quark (CSQ) model. The paper is arranged as follows. In the next section, the theoretical framework of CSQ model, the determination of parameters and the wave functions for QQqq stats are briefly introduced. The calculated results are listed in Section III, where some discussions are made as well. Finally, the summary is given in Section IV.
II. THEORETICAL FRAMEWORK

A. The model
In the chiral SU(3) quark (CSQ) model, the Hamiltonian of a QQqq four-quark system can be written as
where m i is the mass of the ith quark, T G is the kinetic energy operator for the center-of-mass motion. Since the light quark is treated as constituent quark, and the non-perturbative QCD effect between them has to be considered, thus for the light quark pairs, besides the confinement potential and OGE interaction, the chiral quark interactions should be included also, but which is unnecessary to be considered for the heavy-heavy and heavy-light quark pairs. The expressions of the interactions are written as follows:
For the heavy quark pair (QQ), the confinement potential V con f QQ (12) , which provides the nonperturbative QCD effect in long distance, is taken as linear form 
V OGE QQ (12) is the one-gluon-exchange interaction, whose expression is 
and the expressions of these potentials are
where
and m s a (m ps a ) is the mass of the scalar (pseudoscalar) meson.
The interactions of quark-antiquark pair (Qq) include two parts: direct interaction and annihilation part
The contribution of annihilation part is neglected in this work, and the expression of V 
B. Determination of the parameters
The interaction parameters include the OGE coupling constant g i , the confinement strengths (a i j , a 0 i j ), and the chiral coupling constant g ch . For the light quark pairs, the parameters are taken from our previous works [12, 13] , which gave a satisfactory description for the energies of the light baryon ground states, the nucleon-nucleon scattering phase shifts the binding energy of the deuteron, where the chiral coupling constant g ch is fixed by
with g 
where S represents spin, I represents isospin, and C represents color. ψ 4q (0s 4 ) is the orbital part and all the four quarks are in (0s)-wave state; [(QQ)
S ,C is the flavor-spin-color part. Since the wave function of (QQ)
pairs should be antisymmetric [14] , the possible configurations of QQqq are read as follows,
Thus for different quantum numbers (J P ; I), the configurations of QQqq states can be written as
We solve the Schrodinger equation of the 4q system by using the variation method. The trail wave function is taken as an expression of the 4q states with several different harmonic oscillator
. Then the energies of these states can be obtained. For the 4q states with the same (J P ; I), the configuration mixture has been considered in our calculation.
III. RESULTS AND DISCUSSIONS
4q state will be stable under the strong interaction if their total energy lies below all the thresholds of the possible and allowed two-meson decay channels. Therefore, we use the quantity
to discriminate the stable 4q states.
We calculated the energies of the 4q states with the quantum numbers: (J P ; I) = (0 + ; 0), (0 + ; 1),
(1 + ; 0), (1 + ; 1), (2 + ; 0), and(2 + ; 1). The results of ccqq and bbqq are listed in table III and IV, respectively. Our calculation predicts one bound state for the bbnn system with (J P ; I) = (1 + ; 0) and no bound state for the ccqq system, both of which agree with the conclusion that for a ratio Other parameters are taken from previous work [13] . The parameters without considering CQI are shown in table V, and the theoretical results for the masses of N, ∆ and Qq mesons without considering CQI are given in Table VI . By using the variation method in section II.C, the masses of QQqq states can be obtained.
Here we only show the numerical results for the states ccnn and bbnn with (J P ; I) = (1 + ; 0) in it should be noticed that this bound state is not as strong as that of the case with chiral quark interactions.
In order to see the differences between these two cases, we calculate the contribution of each part for the configuration bbnn with (J P ; I) = (1 + ; 0). We find that without considering CQI, the strength of OGE interaction increases and it contributes enough attractive force to form a bound state, thus without CQI, bbnn with (J P ; I) = (1 + ; 0) can also be bound. In comparison, when considering CQI, the OGE interaction and meson-exchange interaction both contribute attractive forces, and the contribution of the pseudoscalar meson exchange interaction is more favored to form a bound state. That is why for the configuration bbnn with (J P ; I) = (1 + ; 0), the bound state considering CQI is stronger than without considering CQI.
IV. SUMMARY
In this work, we study the masses of QQqq heavy-light 4q system in the CSQ model, and try to see the possibilities of the existence of bound states. Our calculation shows the existence of only one bound four-quark state with (J P ; I) = (1 + ; 0) in the bottom sector and no bound state for the charm sector. Besides, by comparing the masses of the same four-quark state while considering CQI and without CQI, we find a similar result that bbnn with (J P ; I) = (1 + ; 0) is bound but this binding energy is relatively weak.
